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(57) ABSTRACT

Systems and methods for controlling coverage 1n a wireless
communications network after a disruption 1 a control
signal provided to a multi-directional antenna are provided.
The system may detect that a disruption has occurred in the
control signal, causing the antenna to broadcast 1n a different
mode and leading to a change in the coverage area. The
change 1n the coverage area may cause user devices to
experience a drop 1n coverage or to experience interference
from multiple, overlapping coverage areas. In embodiments,
the system increases or decreases the power provided to the
antenna to control the coverage area and/or limit 1nterfer-
ence, 1n order to compensate for the disruption.
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CONTROLLING COVERAGE IN A
WIRELESS COMMUNICATIONS NETWORK

TECHNICAL FIELD

The present disclosure relates to controlling coverage in
wireless communications networks. More specifically, the
present disclosure relates to controlling a coverage area
provided by an antenna after a disruption that alters the
coverage area has occurred.

SUMMARY

This summary 1s intended to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the detailed description section of this disclosure.
This summary 1s not mtended to i1dentity key or essential
features of the claimed subject matter, nor 1s 1t intended to
be used as an aid in determining the scope of the claimed
subject matter.

In brief, this disclosure describes, among other things,
systems and methods for controlling coverage in wireless
communications networks. Particularly described are sys-
tems and methods for controlling network coverage after a
disruption has caused a change in a coverage area provided
by an antenna system. In some embodiments, a coverage
arca may be controlled after a disruption by increasing or
decreasing power supplied to a multi-directional antenna.
The power may be increased or decreased to alter the
coverage area to limit interference or recapture coverage
area lost due to the disruption.

In one embodiment, a system for controlling coverage in
a wireless commumnications network 1s provided. The system
comprises a base station that has a radio and a multi-
directional antenna that 1s 1n communication with the radio.
The multi-directional antenna has a plurality of signal trans-
mitters, each configured to broadcast a signal over a respec-
tive sector of coverage of the multi-directional antenna. The
signal broadcast from each of the plurality of signal trans-
mitters 1s configurable so that the sectors of coverage
collectively provide a first coverage footprint. The system
also comprises a control server 1n communication with the
multi-directional antenna. The control server may detect a
disruption in a control signal communicated to the multi-
directional antenna that controls the signals broadcast from
the plurality of signal transmitters to form the first coverage
footprint, changing the first coverage footprint to a second
coverage lfootprint. The control server also may adjust a
power ol the multi-directional antenna to modily an area of
coverage provided by the multi-directional antenna.

In another embodiment of the present disclosure, a system
for controlling coverage in a wireless communications net-
work. The system comprises a first base station that has a
first multi-directional antenna and a first radio 1n commu-
nication with the first multi-directional antenna. The first
multi-directional antenna comprising a plurality of signal
transmitters each configured to broadcast a signal over a
respective sector ol coverage of the first multi-directional
antenna. The system additionally comprises a second base
station comprising a second multi-directional antenna and a
second radio in communication with the second multi-
directional antenna. The second multi-directional antenna
comprising a plurality of signal transmuitters each configured
to broadcast a signal over a respective sector of coverage of
the second multi-directional antenna. The system further
comprises a control server in communication with the first
multi-directional antenna and the second multi-directional
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antenna. The control server 1s configured to detect a disrup-
tion 1n a control signal provided to the first multi-directional
antenna that alters a first coverage footprint of the first
multi-directional antenna such that 1t overlaps with a second
coverage footprint of the second multi-directional antenna.
The control server 1s also configured to adjust a power of at
least one of the first and the second multi-directional anten-
nas to reduce the overlap.

In another embodiment, a method for controlling cover-
age 1n a wireless communications network 1s provided. The
method comprises detecting, using a control server 1 com-
munication with a base station comprising a multi-direc-
tional antenna and a radio, a disruption 1n a control signal
provided to the multi-directional antenna. The multi-direc-
tional antenna has a plurality of signal transmitters config-
ured to broadcast respective signals that collectively form a
first coverage footprint of the multi-directional antenna
based on the control signal, and the disruption changes the
first coverage footprint to a second coverage footprint. The
method also provides for adjusting a power of the multi-
directional antenna to at least partially recover the first
coverage footprint.

The term “antenna” as used 1n this disclosure may com-
prise any component used in a wireless communications
network that 1s configured to broadcast and/or receive a
wireless communications signal, including one comprising
one or more frequency bands.

Additional objects, advantages, and novel features are
turther described 1n the detailed description, and 1n part, will
become apparent to those skilled 1n the art upon examination

of this disclosure, or may be learned through practice of the
various embodiments of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present technology 1s described 1n detail below with
reference to the attached drawing figures, wherein:

FIG. 1 1s an exemplary antenna system for controlling
coverage 1 a wireless communications network, i accor-
dance with an embodiment of the present technology;

FIG. 2 1s a block diagram of an exemplary computing
environment that can be used with embodiments of the
present disclosure;

FIGS. 3A-3D show exemplary coverage zones provided
by signal transmitters of multi-directional antennas used
with different base stations, 1n accordance with embodi-
ments of the present technology;

FIGS. 4A-4B show exemplary coverage zones and inter-
ference zones from two multi-directional antennas used 1n
adjacent base stations, 1n accordance with embodiments of
the present technology;

FIGS. 5A-5B show exemplary coverage zones and inter-
ference zones from two multi-directional antennas used 1n
adjacent base stations, in accordance with embodiments of
the present technology;

FIGS. 6 A-6B show a user device relative to exemplary
coverage zones and interference zones of two multi-direc-
tional antennas used 1n adjacent base stations, in accordance
with embodiments of the present technology;

FIGS. 7TA-7C show a user device relative to exemplary
coverage zones and interference zones of two multi-direc-
tional antennas used 1n adjacent base stations, in accordance
with embodiments of the present technology;

FIGS. 8A-8C show a user device relative to exemplary
coverage zones of a multi-directional antenna, 1n accordance
with embodiments of the present technology; and



US 10,827,434 Bl

3

FIG. 9 1s a block diagram of an exemplary method of
controlling a coverage area after a disruption, 1n accordance
with an embodiment of the present technology.

DETAILED DESCRIPTION

The subject matter of the present disclosure 1s described
with specificity herein to meet statutory requirements. How-
ever, the description 1s not intended to limit the scope of the
technology. Rather, the claimed subject matter may be
embodied 1n other ways, such as to include different steps,
combinations of steps, features, or combinations of features,
similar to the ones described in this disclosure, and 1n
conjunction with other present or future technologies. More-
over, although the term “step” may be used to idenftily
different elements of methods employed, the term should not
be interpreted as implying any particular order among or
between various steps unless and except when the order of
individual steps 1s explicitly described and required.

At a high level, embodiments of the present technology
relate to systems and methods for controlling a coverage
area provided by a multi-directional antenna after a disrup-
tion event changes the coverage areca. More specifically, the
systems and methods provide for a multi-directional antenna
having a plurality of signal transmitters that emit sectors of
coverage that collectively define a coverage area. If a
disruption event occurs that changes the coverage area
footprint, power to the signal transmitters may be automati-
cally or manually adjusted to increase or decrease the
coverage area, for example, to capture lost coverage area or
to decrease interiference caused by overlapping coverage.
The coverage areca may be adjusted temporarily 1n response
to a disruption event so that modifications can be made to
restore a desired coverage area.

Referring now to FIG. 1, an exemplary system 10 for
controlling coverage 1n a wireless communications network
1s provided, i accordance with an embodiment of the
present technology. The system 10 includes a plurality of
base stations 100. The base stations 100 each include a
multi-directional antenna 105. Each multi-directional
antenna 105 includes a plurality of signal transmitters 110.
Each multi-directional antenna 105 1s in communication
with a respective radio 115 and a respective control server
120. Each multi-directional antenna 105 receives power
from a respective power supply 123. In some cases, multi-
directional antenna 105 and/or signal transmitters 110 may
have a minimum and maximum power requirement.

Each multi-directional antenna 105 may be aflixed to the
base station 100 such that the corresponding plurality of
signal transmitters 110 associated with the multi-directional
antenna 105 1s configurable to transmit a network signal 1235
(shown 1n FIGS. 3A-3D). Turning briefly to FIGS. 3A-3D,
the signal transmitters 110 may be configurable to broadcast
the network signal 125 over an area of coverage. FIGS.
3A-3D are not intended to limit or describe all of the
possibilities of configurable coverage areas, such as 135A-
135D. Instead, they are intended to represent exemplary
coverage areas 135A-135D that may be provided using the
multi-directional antennas 105 and respective plurality of
signal transmitters 110 of the same. In FIGS. 3A-3D, the
multi-directional antennas 105 each comprise four signal
transmitters 110. However, a multi-directional antenna sys-
tem may comprise any number ol signal transmitters. In
general, this disclosure references multi-directional anten-
nas 105 as having four signal transmitters 110 that operate
independently; however, the present disclosure 1s applicable
to multi-directional antenna systems comprising any number
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4

of signal transmitters. In some embodiments, a multi-direc-
tional antenna may be a switch-beam antenna.

Continuing with FIGS. 3A-3D, the signal transmuitters 110
may be configured to each provide a sector of coverage 130.
The sectors of coverage 130 provided by signal transmitters
110 may be defined by the area over which the network
signal 125 emitted by a signal transmuitter 110 1s suitable for
network communication. For example, FIG. 3A shows a
base station 100 having a multi-directional antenna 105 with
four signal transmitters 110. Each signal transmitter 110 1n
FIG. 3A 1s active and respectively emitting a network signal
125 over a sector of coverage 130. The sectors of coverage
130 collectively define coverage areca 135A.

Additionally, a sector of coverage 130 for each signal
transmitter 110 may be individually configurable by con-
trolling the power supplied to the signal transmitter 110. For
example, increasing the power to a signal transmitter 110
may increase the area over which the network signal 125 1s
suitable for network communications. Similarly, decreasing
the power supplied to a signal transmitter 110 may decrease
the area over which the network signal 125 1s suitable for
network communication. In some embodiments, an inactive
signal transmitter 113 may not emit a network signal at all,
thus adding to the configurability of the multi-directional
antenna 103. An example of this 1s i1llustrated by FIG. 3B,
where a first sector of coverage 131 1s 1llustrated as encom-
passing a larger area than a second sector of coverage 132
(e.g., based on configured power settings). In addition, FIG.
3B depicts an 1nactive signal transmitter 113. As such, FIG.
3B’s coverage area 135B 1s different than FIG. 3A’s cov-
crage area 135A, although both may be configured using the
same multi-directional antenna 1035. FIG. 3C and FIG. 3D
depict other achievable coverage area configurations;
namely, 135C and 133D, respectively.

Referring back to FIG. 1, 1n some embodiments, a radio
115 may be in communication with the multi-directional
antennas 105. The radio 115 may function 1n manners that
are generally known 1n the art. For example, the radios 115
may send a signal, such as the network signal 125 described
above, to the respective multi-directional antennas 105 to be
emitted by the respective signal transmitters 110. The radio
115 may be located 1n an area associated with the base
station 100, or may be located ofi-site, at an area away from
the base station 100 (i1.e., may be local or remotely con-
nected).

The radios 115 and/or the multi-directional antennas 105
may be in communication with a control server 120. In some
embodiments, the multi-directional antenna 105 may be
communicatively coupled to the control server 120 through
the radio 115. Other arrangements are possible, but they are
not shown 1n FIG. 1 for simplicity 1n describing the present
technology. The control server 120 may comprise computer
hardware and software. As depicted 1n FIG. 1, the control
server 120 may be 1n communication with multiple multi-
directional antennas 105. However, 1t 1s illustrated this way
as an example, and 1n some embodiments, the control server
120 may be 1n communication with only one multi-direc-
tional antenna 105. Like the radio 115, the control server 120
may be at a location associated with the base station 100 and
the multi-directional antenna 105. In some embodiments, the
control server 120 remotely located. In some embodiments,
the control server 120 may be at a location such that 1t can
communicate with more than one multi-directional antenna
105.

The control server 120 may be configured to control the
signal emitted from the signal transmitters 110 of the multi-
directional antennas 1035 by adjusting power from the power
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supply 123. The control server 120 may be configured to
activate and deactivate signal transmitters, such as those
illustrated 1n FIG. 3B as elements 110 and 113, and further
described above. As such, the control server 120 may
configure and control the coverage areca provided by the
multi-directional antennas 105. For example, the control
server 120 may configure the coverage areas to reflect the
exemplary coverage areas 135A-135D 1n FIGS. 3A-3B.

The control server 120 may also be able to momnitor the
signals emitted by the signal transmitters 110. For example,
il a disruption event occurs and causes a change 1n the signal
transmitted by the signal transmitters 110 (e.g., by changing,
a configured power of the emitted signal), the control server
120 may detect such an event. Although the control server
120 and the radio 115 may control the signal, disruption
events associated with the control server 120, the radio 115,
and/or other software or hardware associated with the multi-
directional antennas 105 and/or the signal transmitters 110
thereol may cause a change in the signal, thereby changing
the coverage area. Upon detecting such an event, the control
server 120 may adjust the power provided to the signal
transmitters 110 via the power source 123. In some cases,
power to multi-directional antenna 105 or signal transmaitters
110 may be adjusted to stay within the respective power
requirements. Put another way, 11 the power 1s 1ncreased, it
may be increased to a level at or below the maximum power
limit, while 1n some cases, 11 the power 1s decreased, 1t may
be decreased to a level at or above a minimum power limat.
In this sense, the power may be adjusted to stay within the
window of acceptable power minimums and maximums for
the respective components or equipment of multi-directional
antenna 105 or signal transmitters 110. In some embodi-
ments, the control server 120 may send an alert to a network
provider of the disruption event and the automatic actions
taken.

As an example, a disruption event to a hardware compo-
nent at the base station 100 may cause a change of power of
a control signal sent to the multi-directional antenna 105.
The hardware component may become damaged in a storm;
thorough amimal activity, such as nesting birds; through
deterioration over time; or through any number of other
events. In some cases, the disruption event, such as the loss
in power, may cause the multi-directional antenna 105 to
begin broadcasting 1n an ommnidirectional mode (i.e., with
the same emitted signal power 1n all sectors), instead of its
previously configured mode. As such, this change in broad-
cast mode may subsequently alter the coverage area. For
many reasons, this change in coverage areca may not be
desirable. Some of these reasons are further described
below. In response to the disruption event, the control server
120 may automatically or at manual direction adjust the
power supply 123 to the multi-directional antenna 105 to at
least partially recover or obtain a desired coverage area. For
example, the control server 120 may facilitate more power
being supplied to the multi-directional antenna 105 to
increase the coverage area (e.g., to increase coverage of
certain sectors), or it may facilitate less power being sup-
plied to the multi-directional antenna 105 to decrease the
coverage area (e.g., to reduce interference from resulting
overlapping coverage caused by the disruption event).

In some embodiments, the control server 120 may receive
an indication of inter-cell interference. As exemplified 1n
FIG. 4A and FIG. 5B, zones of interference 140 may occur
when coverage areas overlap, such as 135 and 235A 1n FIG.
4A, and 135 and 235D 1n FIG. 5B. When user devices, such
as mobile phones, tablets, mobile computers, or any other
device that may communicate via the network, are in the
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interference zones 140, inter-cell interference may be
detected. The control server 120, receiving an indication of
the 1nter-cell interference, may adjust the coverage area of
one or more multi-directional antennas of interfering base
stations to reduce or eliminate the inter-cell interference. In
some embodiments, the control server 120 may do this
automatically 1n response to receiving an indication of the
inter-cell interference. It may also adjust coverage areas
after 1nter-cell interference has reached a threshold amount
(e.g., a predetermined number of interfering mobile
devices). It may also adjust coverage areas to reduce or
minimize inter-cell interference, or reduce inter-cell inter-
terence below a threshold amount.

Turning now to FIG. 2, an exemplary operating environ-
ment that may be used to implement the embodiments
described by the present disclosure 1s provided. Exemplary
computing device 1200 provides one suitable embodiment.
For example, 1n some embodiments, the control server 120
(FIG. 1) may utilize or comprise computing device 1200.
Computing device 1200 1s but one example of a suitable
computing environment and 1s not intended to suggest any
limitation as to the scope of use or functionality of the
embodiments described 1n the present disclosure. Addition-
ally, computing device 1200 should not be interpreted as
having any dependency or requirement relating to any one or
a combination of components illustrated.

Some embodiments of computing device 1200 may be
described in the general context of computer code or
machine-useable instructions, including computer-execut-
able 1nstructions such as program modules, being executed
by a computer or other machine, such as a personal data
assistant or other handheld device. Generally, program mod-
ules including routines, programs, objects, components, data
structures, etc., refer to code that performs particular tasks or
implements particular data types. A variety of system con-
figurations, including hand-held devices, consumer electron-
ics, general-purpose computers, and more specialty comput-
ing devices, among others may be practiced. Further, some
embodiments may be practiced i distributed computing
environments where tasks are performed by remote-process-
ing devices that are linked through a communications net-
work.

With reference to FIG. 2, computing device 1200 includes
a bus 1210 that directly or indirectly couples the following
devices: memory 1212, one or more processors 1214, one or
more presentation components 1216, input/output (I/O)
ports 1218, I/O components 1220, an illustrative power
supply 1222, and one or more radios 1224 (such as radio 115
of FIG. 1). Bus 1210 represents what may be one or more
busses (such as an address bus, data bus, or a combination
thereol). Although the various blocks of FIG. 2 are shown
with lines for the sake of clanty, in reality, delineating
various components 1s not as clear, and metaphorically, the
lines may be blurred. For example, one may consider a
presentation component 1216, such as a display device, to be
an I/O component 1220. Also, processors 1214 may them-
selves have memory 1212.

Additionally, computing device 1200 may include a vari-
ety of computer-readable media and/or computer storage
media. Computer-readable media may be any available
media that can be accessed by computing device 1200 and
includes both volatile and nonvolatile media, removable and
non-removable media. By way of example and not limita-
tion, computer-readable media may comprise computer stor-
age media and communication media and/or devices. Com-
puter storage media may include volatile and nonvolatile,
removable and non-removable media implemented in any
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method or technology for storage of information such as
computer-readable 1instructions, data structures, program
modules, or other data. Computer storage media includes,
but 1s not limited to, RAM, ROM, EEPROM, flash memory
or other memory technology, CD-ROM, digital versatile
disks (DVD) or other optical disk storage, magnetic cas-
settes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be
used to store the desired information and which can be
accessed by computing device 1200. These memory com-
ponents can store data momentarily, temporarily, or perma-
nently. Computer storage media does not include signals per
S€.

Communication media typically embodies computer-
readable instructions, data structures, program modules, or
other data 1n a modulated data signal such as a carrier wave
or other transport mechanism, and includes any information
delivery media. The term “modulated data signal” means a
signal that has one or more of its characteristics set or
changed 1n such a manner as to encode information in the
signal. By way of example, and not limitation, communi-
cation media includes wired media such as a wired network
or direct-wired connection, and wireless media such as
acoustic, RF, infrared, and other wireless media. Combina-
tions of any of the above should also be included within the
scope of computer-readable media. Communications media
does not include signals per se.

With reference to FIG. 2, memory 1212 includes com-
puter storage media 1n the form of volatile and/or non-
volatile memory. The memory may be removable, non-
removable, or a combination thereof. Exemplary hardware
devices include solid-state memory, hard drives, optical-disc
drives, etc. Computing device 1200 includes one or more
processors 1214 that read data from various entities such as
memory 1212 or I/O components 1220. Presentation com-
ponent(s) 1216 present data indications to a user or other
device. Exemplary presentation components include a dis-
play device, speaker, printing component, vibrating compo-
nent, etc. I/O ports 1218 allow computing device 1200 to be
logically coupled to other devices including I/O components
1220, some of which may be built-in. Illustrative compo-
nents include a microphone, joystick, game pad, satellite
dish, scanner, printer, wireless device, and the like.

With reference now to FIGS. 4A-4B, an exemplary inter-
action between two multi-directional antennas and coverage
areas 1s provided, 1n accordance with an embodiment of the
present technology. FIG. 4A 1llustrates a base station 100
having a multi-directional antenna 1035 with signal transmuit-
ters 110. In this embodiment, each of the signal transmitters
110 1s emitting a network signal 1235 that respectively
defines a sector of coverage 130, where the sectors of
coverage 130 collectively define a coverage area 1335. Also
provided 1n FIG. 4A 1s a second base station 200 geographi-
cally separated from base station 100. The second base
station 200 comprises a second multi-directional antenna
205 having signal transmitters 210. Similarly, the signal
transmitters 210 are emitting a network signal 125 that
respectively defines a sector of coverage 230, where the
sectors of coverage 230 collectively define coverage area
235A. In some embodiments, the network signal 125 broad-
casted by multi-directional antennas 1035 and 205 may be the
same, and 1n other embodiments, they may be different. In
some cases, coverage area 135 and/or coverage areca 235A
may be set to minimize inter-cell interference. Put another
way, coverage arcas 135 and/or 235A may be defined to
reduce cellular interference below a predefined threshold
level. Both base stations 100 and 200 are illustrated as
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having their respective multi-directional antenna 105 and
205 transmitting equal signal strengths through the signal
transmitters 110 and 210 (e.g., each broadcasting in an
omnidirectional mode).

In FIG. 4A, the coverage arcas 135 and 235A overlap.
This overlap may cause an interference zone 140. The
interference zone 140 may be associated with poor connec-
tion for user devices that are within the interference zone
140. An exemplary 1llustration of a user device 150 within
the interference zone 140 1s depicted i FIG. 6B. The
interference zone 140 may not be desired because user
devices 150 in the interference zone 140 may experience
dropped calls, poor connectivity, lower battery life, poor
sound quality, and a number of other negative network-
related user experiences.

To alleviate some of these problems, the coverage area
235A may be configured in a manner to reduce, limit, and/or
climinate interference zone 140. As an example, coverage
area 235A may be configured to coverage area 235B 1n FIG.
4B. FIG. 4B 1s provided to exemplily how the multi-
directional antenna 205 and 1ts signal transmitters 210 may
be configured to reduce or eliminate the interference zone
140. As depicted, one of the signal transmitters 213 has been
rendered inactive, while signal transmitter 214 has been
configured to emit the network signal 223 over a larger zone
of coverage 231. For example, signal transmitter 214 may be
receiving more power than signal transmitters 210. In some
embodiments, the control server 120 (discussed with respect
to FIG. 1) facilitates and controls this change 1n configura-
tion. This may be done automatically, or 1t may be done as
a result of command prompts from, for instance, a technician
manually setting the configuration. In some embodiments,
the control server 120 may adjust coverage area 235B 1n a
manner that maximizes the area covered while minimizing,
interference zones, such as interference zone 140. In some
embodiments, 1t may do this automatically by detecting
inter-cell interference and adjusting the coverage zones to
reduce or eliminate the interference.

FIGS. 5A-5B depict the exemplary base stations 100 and
200 of FIGS. 4A-4B with coverage areas 135 and 135A that
have been configured 1n a different manner. In the exemplary
embodiment represented by FIG. SA, coverage areas 135
and 235A have been configured to minimize interference,
1.€., coverage area 135 does not overlap with coverage area
235A. However, FIG. 5B represents the same exemplary
embodiment after a disruption event associated with base
station 200. In FIG. 3B, coverage zone 235B results from the
disruption event, as the multi-directional antenna 2035 now
broadcasts 1n an ommnidirectional mode. As a result, coverage
area 135 overlaps with coverage area 235B, causing a zone
of iterference 140. FIGS. 6 A-6B illustrate the same sce-
nario with respect to user device 150.

Turning now to FIGS. 7A-7C, an exemplary method
performed by an embodiment of the present technology 1s
illustrated. FIGS. 7TA-7C depict two base stations 100 and
700 separated by a geographical distance. In FIG. 7A, the
multi-directional antenna 705 has been configured to broad-
cast over coverage area 735A, such that coverage area 735A
does not overlap with coverage area 135 1n order to limait
interference. User device 150 1s shown within coverage area
135. FIG. 7B depicts base station 700 after a disruption
event has caused the multi-directional antenna 703 to broad-
cast 1n an omnidirectional mode, changing coverage area
735A (FIG. 7A) to coverage area 735B (FIG. 7B). As a
result, coverage area 735B overlaps with coverage area 135
creating an interference zone 140. User device 150 1s within
the interference zone 140. As described above, in some
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embodiments, inter-cell interference may be detected
because user device 150 1s within interference zone 140.
FIG. 7C depicts coverage zone 735C, which results from the
adjustment of power supplied to the multi-directional
antenna 705, for instance, i1n manners described above. Due
to the reduced power supplied to the multi-directional
antenna 705, FIG. 7C shows user device 150 within cover-
age zone 135, but no longer 1n the interference zone 140
shown 1 FIG. 7B. The transition of coverage area 735B to
735C may be one exemplary method of maximizing cover-
age area ol the ommdirectional mode, while reducing inter-
terence with other coverage areas, such as coverage area
135. In some 1nstances, this coverage area may be temporary
until the multi-directional antenna 705 can be reconfigured
to broadcast over a more desirable coverage area. For
example, the multi-directional antenna 705 may continue to
broadcast signal over coverage arca 735C until it can be
determined what caused the disruption event and appropriate
corrective action can be taken.

FIGS. 8A-8C 1illustrate another exemplary method per-
formed by an embodiment of the present technology. FIGS.
8A-8C depict base station 800 having a multi-directional
antenna 805 with signal transmitters 810. FIG. 8A shows
preconfigured coverage area 835A and user device 1350
within the coverage area 835A. FIG. 8B illustrates coverage
arca 8358, which may have resulted from a disruption event
that caused the multi-directional antenna 805 to broadcast in
an omnidirectional mode. As a result, user device 150 1s
outside of coverage areca 835B, and consequently, may be
receiving a weak network signal or no network signal at all.
FIG. 8C 1illustrates one coverage arca 835C that may result
from an 1ncrease 1n power supplied to the multi-directional
antenna 803. In this example, the multi-directional antenna
805 1s still broadcasting 1n an ommnidirectional mode; how-
ever, the increase 1n power has increased the coverage area
of 835B (FIG. 8B) to coverage areca 835C (FIG. 8C).
Accordingly, user device 150 1s within coverage area 835C.
The 1ncrease 1n power may be provided to recapture at least
a portion of the lost coverage area 836 due to the disruption
event (e.g., the loss or change of signal that controls the
configured or uneven power distribution between the signal
transmitters that provides the desired coverage footprint).
FIG. 8C illustrates the recaptured coverage area 837 after the
Increase 1n power.

FIG. 9 1s a block diagram of one exemplary method 900
of controlling coverage 1n a wireless communications net-
work, 1 accordance with an embodiment of the present
technology. At block 910, a control server 1n communication
with a base station detects a disruption in a control signal
that 1s provided to a multi-directional antenna at the base
station. In some cases, the base station may also have aradio
associated with 1t. Additionally, the multi-directional
antenna may comprise a plurality of signal transmuitters that
are configured to broadcast respective signals that collec-
tively form a first coverage footprint of the multi-directional
antenna based on the control signal. The occurrence of the
disruption may change the first coverage footprint to a
second coverage footprint (e.g., omni-directional). At block
920, a power of the multi-directional antenna 1s adjusted to
at least partially recover the first coverage footprint.

In another exemplary method for controlling coverage in
a wireless network, a base station 1s provided that includes
a multi-directional antenna. The multi-directional antenna
may be 1n communication with a radio. The multi-direc-
tional antenna may comprise a plurality of signal transmit-
ters that broadcast a network signal. The broadcasted net-
work signal from the plurality of signal transmitters may
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collectively provide a coverage area having a first coverage
footprint. The method may include providing a control
server that 1s 1n communication with the multi-directional
antenna and/or the radio. The control server may further be
in communication with a power source that supplies power
to the multi-directional antenna and/or the plurality of signal
transmitters. The control server may receive an indication of
a disruption associated with the multi-directional antenna. In
some cases, the disruption may be to the control signal. The
disruption may change the first coverage footprint to a
second coverage lootprint. Subsequent to the change 1n
coverage area footprint, the control server may adjust power
supplied to the multi-directional antenna to change the
coverage footprint to reduce interference and/or recapture
lost coverage area occurring as a result of the disruption. In
some cases, the second coverage footprint may be a reduc-
tion 1n the coverage area, for instance, if the power was
reduced, or the second coverage footprint may be a larger
coverage area, for instance, if the power was increased.

From the foregoing, it will be seen that this disclosure 1s
one well adapted to attain all the ends and objects described
and with other advantages that are obvious and/or are
inherent to the structure.

It will be understood that certain features and subcombi-
nations are of utility and may be employed without reference
to other features and subcombinations. This 1s contemplated
by and 1s within the scope of the claims.

Since many possible embodiments may be made of the
disclosure without departing from the scope, 1t 1s to be
understood that all matter described or shown in the accom-
panying drawings 1s to be interpreted as illustrative and not
in a limiting sense.

What 1s claimed 1s:

1. A system for controlling coverage in a wireless com-
munications network, the system comprising:

a base station, comprising:

a radio, and

a multi-directional antenna 1 communication with the

radio, the multi-directional antenna comprising a plu-
rality of signal transmitters each configured to broad-
cast a signal over a respective sector of coverage of a
first coverage footprint; and

a control server in communication with the multi-direc-

tional antenna and configured to:

detect a disruption event 1n a control signal communi-
cated to the multi-directional antenna from the base
station, wherein the control signal controls the sig-
nals broadcast from the plurality of signal transmut-
ters to form the first coverage footprint having a first
coverage area, the disruption changing the first cov-
erage footprint to a second coverage footprint having,
a second coverage area;

and

adjust a power supply to the multi-directional antenna
to modily the second coverage footprint to a third
coverage lootprint having a third coverage area,
wherein the third coverage area 1s more desirable
than the second coverage area, wherein the power
supply 1s 1ncreased to 1ncrease a coverage area and
wherein the power supply 1s decreased to decrease
the coverage area.

2. The system of claim 1, wherein the control server 1s
further configured to determine 1f the disruption event
resulted 1n a loss of coverage to at least a portion of the first
coverage area provided by the first coverage footprint, and
wherein upon a determination that the disruption event
resulted in the loss of coverage, increase the power supply
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to the multi-directional antenna to at least partially recover
the portion of the first coverage area of the first coverage.

3. The system of claim 1, wherein the plurality of signal
transmitters are individually configurable with individual
power levels.

4. The system of claim 1, wherein the plurality of signal
transmitters comprises four signal transmitters, and wherein
cach of the four signal transmitters has an independently
configurable power level.

5. The system of claim 1, wherein the disruption event 1s
a loss of power to at least one signal transmitter of the
plurality of signal transmuitters.

6. The system of claim 1, wherein the multi-directional
antenna 1s a switch-beam antenna.

7. The system of claim 1, wherein the disruption causes
the multi-directional antenna to broadcast 1n an omni-direc-
tional mode.

8. A system for controlling coverage in a wireless com-
munications network, the system comprising:

a first base station comprising a first multi-directional
antenna and a first radio 1n communication with the first
multi-directional antenna, the first multi-directional
antenna comprising a plurality of signal transmuitters
cach configured to broadcast a signal over a respective
sector of coverage of the first multi-directional antenna;
a second base station comprising a second multi-direc-
tional antenna and a second radio 1n communication
with the second multi-directional antenna, the second
multi-directional antenna comprising a plurality of sig-
nal transmitters each configured to broadcast a signal
over a respective sector ol coverage ol the second
multi-directional antenna;
a control server in communication with the first multi-
directional antenna and the second multi-directional
antenna, the control server configured to:
detect a disruption in a control signal provided to the
first multi-directional antenna from the first base
station, wherein the disruption causes a change 1n a
first coverage footprint of the first multi-directional
antenna such that 1t overlaps with a second coverage
footprint of the second multi-directional antenna
creating an inter-cell interference, and

upon detecting the disruption causing the inter-cell

interference, adjust a power supply to at least one of

the first and the second multi-directional antennas to
address the inter-cell interference.

9. The system of claim 8, wherein the plurality of signal

transmitters of the first multi-directional antenna are indi-

vidually configurable to form the first coverage footprint and
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the plurality of signal transmitters of the second multi-
directional antenna are individually configurable to form the
second coverage footprint, wherein the first and second
coverage footprints are non-overlapping prior to the disrup-
tion being detected.

10. The system of claim 8, wherein the first and second
multi-directional antennas are switch-beam antennas.

11. The system of claim 8, wherein the disruption causes
the first multi-directional antenna to broadcast in an omni-
directional mode.

12. A method for controlling coverage i a wireless
communications network, the method comprising:

detecting, using a control server 1n communication with a
base station comprising a multi-directional antenna and
a radio, a disruption event 1n a control signal provided
to the multi-directional antenna from the base station,
wherein the control signal controls the signals broad-
cast from a plurality of signal transmuitters to form a first
coverage footprint having a first coverage area;

determining that the disruption event changed the first
coverage footprint to a second coverage footprint hav-
ing a second coverage area; and

adjusting a power supply to the multi-directional antenna
to modily the second coverage footprint to a third
coverage footprint having a third coverage area,
wherein the third coverage area 1s more desirable than
the second coverage area.

13. The method of claim 12, wherein the second coverage
footprint causes an inter-cell interference between the base
station and another base station using the control server; and

detecting the inter-cell interference, and determining that
the inter-cell interference 1s above a threshold level.

14. The method of claim 12, wherein adjusting the power
supply comprises increasing the power supply to increase a
coverage area of the multi-directional antenna or decrease
the power supply to decrease the coverage area.

15. The method of claim 12, wherein an inter-cell inter-
ference caused by the first coverage footprint 1s below a

threshold level.

16. The method of claim 12, further comprising sending
an alert indicating that the disruption event has changed the
first coverage footprint to the second coverage footprint.

17. The method of claim 12, further comprising deter-
mining a maximum power supply increase or a maximum
power supply decrease for the multi-directional antenna.
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